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Abstract. The main properties of the leading-twist transverse momentum dependent parton distri- 
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in semi-inclusive deep inelastic scattering are also discussed. 
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TMDS AND THE LIGHT-CONE CQM 

In recent years much work has been devoted to study semi-inclusive deep inelastic scat- 
tering (SIDIS), Drell-Yan dilepton production and hadron production in e + e annihila- 
tion as powerful tools to understand the nucleon structure. According to the factorization 
theorem, the physical observables of such processes can be expressed as convolution of 
hard partonic scattering cross sections, parton distribution functions (PDFs) and/or frag- 
mentation functions (FFs) [1-6]. With respect to the usual inclusive deep inelastic scat- 
tering (DIS) where PDFs only depend on the longitudinal momentum fraction carried 
by the parton, now PDFs, as well as FFs, also depend on the transverse momentum. At 
leading twist there are eight transverse momentum dependent PDFs (TMDs) [3, 4], three 
of them surviving when integrated over the transverse momentum and giving rise to the 
familiar parton density, helicity and transversity distributions. Data [7-16] on SIDIS are 
available and many more are expected to come in future, giving first insights on the 
TMDs [17-24]. However, model calculations [25-34] play an important role for unrav- 
eling the information on the quark dynamics encoded in these novel functions. In this 
contribution we will review the results for the TMDs in a light-cone constituent quark 
model (CQM) which was successfully applied also for the calculation of the electroweak 
properties of the nucleon [35] and generalized parton distributions [36]. 
A convenient way to describe parton distributions is to use the representation in terms of 
overlaps of light-cone wave functions (LCWFs), which are the probability amplitudes 
to find a given /V-parton configuration in the Fock-space expansion of the hadron state. 
This representation becomes useful in phenomenological applications where one can 
reasonably truncate the expansion of the hadron state to the Fock components with a few 
partons. In our approach, we consider the minimum Fock sector with just three- valence 
quarks. This truncation allows to describe the parton distributions in those kinematical 



region where the valence degrees of freedom are effective, while the contributions from 
sea quarks and gluons are suppressed. The three-quark component of the LCWF, keeping 
the full transverse momentum dependence of the partons, can be classified in a model 
independent way in terms of six independent light-cone amplitudes [37], which serve 
to parametrize the contribution from the four different orbital angular momentum com- 
ponents L z compatible with total angular momentum conservation, i.e. L z = 0, ±1, 2. In 
Ref. [27], these six amplitudes have been explicitly derived in a light-cone CQM, consid- 
ering the relativistic spin dynamics arising from the boost of instant-form wave function 
into the light-cone. The instant-form wave function is constructed as a product of a mo- 
mentum wave function which is in a pure S-wave state and invariant under permutations, 
and a spin-isospin wave function determined by SU(6) symmetry. The corresponding 
solution in light-cone dynamics is obtained through the unitary Melosh rotations act- 
ing on the spin of the individual quarks. The relativistic effects of the Melosh rotations 
are evident in the presence of spin-flip terms generating non-zero orbital angular mo- 
mentum components which fit the model-independent classification of the three-quark 
LCWF [27, 37]. The explicit expressions of these light-cone amplitudes can be found in 
Ref. [27], while the corresponding results for the time-even TMDs are 
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where the integration measure is defined as in Ref. [27], Mq is the mass of the non- 
interacting three-quark system, and the flavor dependence is given by the factors /V" = 
2, N d = 1, and P u = 4/3, P d = -1/3, as dictated by SU(6) symmetry. A further 
consequence of the assumed SU(6) symmetry is the factorization in Eqs. (1) of the 
momentum-dependent wave function ^({-^P-L;}) from the spin-dependent factor aris- 
ing from the Melosh rotations. As a result one finds the following relations 
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These relations are common to several quark model calculations [25-27, 34] though 
not all [28]. The common feature of such models is that gluon degrees of freedom 
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FIGURE 1. The SSAs A 
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in DIS production of charged pions off proton target, as function of x. The solid curves show the results on 
the basis of the light-cone CQM evolved to the scale Q 2 — 2.5 GeV 2 , and the dashed curves correspond 
to the predictions at the low scale of the model. The experimental data are from Refs. [8, 9]. 



are neglected. On the other side, the recent model calculation of Ref. [34] found the 
interesting result that SU(6) symmetry is not a necessary condition for the relation (3). 



RESULTS FOR AZIMUTHAL SSAS 

The results in Eqs. (1) are general and can be applied to any CQM adopting the ap- 
propriate nucleon wave function. In the following we will take the momentum wave- 
function from Schlumpf [38]. In Fig. 1 we show the results for the single spin asym- 
metries (SSAs) with unpolarized (U) beam and transversely (T) polarized proton target 
in SIDIS of positive (upper panels) and negative (lower panels) pions. The asymmetries 
^sin(0+<fe) column), A s ™j^ ^ (middle column), and A S J^ 2 ^ (right column) are due 
to the Collins function and to the three chirally-odd TMDs h\, h\ T , and hj~ L , respectively. 
For the Collins function we use the results extracted in [20]. In the denominator of the 
asymmetries we take f\ from [39] and the unpolarized FF from [40], both valid at the 
scale Q 2 = 2.5 GeV 2 . The model results for hi evolved from the low hadronic scale of 

the model to Q 2 = 2.5 GeV 2 ideally describe the HERMES data [8] for A s ^ +h) . This 
is in line with the favourable comparison between our model predictions [33] and the 
phenomenological extraction of the trans versity and the tensor charges in Ref. [21]. In 

the case of A^ 2( ^ and A S J^ 3< ^ ^ we compare the results obtained using the TMDs 
at the scale of the model (dashed curves) and the TMDs evolved at leading order to 
Q 2 = 2.5 GeV 2 (solid curves) using the evolution pattern of the transversity. Although 
this is not the correct evolution pattern, it may give us a rough insight on the possible 
size of effects due to evolution (for a more detailed discussion we refer to [42]). In the 
case of Ay^ 3 ^ the evolution effects give smaller asymmetries in absolute value and 



shift the peak at lower x values. Measurements in range 0. 1 < x < 0.6 are planned with 
the CLAS 12 GeV upgrade [41] and will be able to discriminate between the two sce- 
narios. In the region x < 0.2, there exist also preliminary deuteron target data [16] which 
are compatible, within error bars, with the model predictions both at the hadronic and 

the evolved scale. Similar conclusions can be drawn also in the case of Ay n ^\ where 
we compare our results with HERMES data [9] . 
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